Glucose intolerance and dyslipidaemias have been reported among paraplegics and tetraplegics. In this study we determined the lipid pro®les and the glucose tolerance in a group of 48 persons with spinal cord lesions who had been rehabilitated in our Department of Physical Medicine and Rehabilitation. This non-randomised, descriptive study was conducted as part of the annual medical follow-up of these individuals. Hypertension was observed in only 6% of the subjects. Fasting hyperglycemia was observed in 19% and glucose intolerance in 23% of the subjects. Total cholesterol was abnormal in 2%, but 58% had low levels of high density lipoprotein (HDL). 10% of the subjects had raised low density lipoprotein (LDL) levels. The cardioprotective HDL fraction may remain very low even while the total cholesterol level is within normal limits, and unless a lipid pro®le estimation is done, this group of individuals who are at cardiovascular risk may remain undetected. We conclude that glucose intolerance and dyslipidaemias are common among paraplegic and tetraplegic individuals, and these metabolic derangements may contribute to increased cardiovascular morbidity.
Introduction
Life expectancy following spinal cord lesions is improving with better initial care, comprehensive rehabilitation and ecient management of life threatening complications such as urinary tract infection and pressure sores. Such better survival has challenged the medical profession to evaluate their risk factors which would predict life expectancy and cardiovascular morbidity.
The incidence of cardiovascular disease is reported to be higher in the spinal cord injury population. 1 Traditionally elevated serum cholesterol and high blood pressure were considered as high risk factors for coronary heart disease. 2, 3 The cardioprotective role of high density lipoprotein (HDL) and its subfractions have been established earlier and it is now suggested that increased attention should be given to HDL cholesterol levels not only when the serum cholesterol level is high as recommended by the National Cholesterol Education Programme, but also when the total cholesterol level is not elevated. 4, 6 Fasting hyperglycaemia and impaired glucose tolerance have been reported in subjects following spinal cord injury. 7 Both carbohydrate metabolism 8 and level of physical activity 9 have each, separately, been shown to in¯uence the HDL levels, and hence we decided to study the serum lipid pro®le and the glucose tolerance among rehabilitated paraplegic and tetraplegic persons.
Materials and methods
One hundred and thirty-eight subjects with chronic spinal cord lesions who had been rehabilitated in our department were invited to come for an annual medical follow up in February, 1995. Fifty-two subjects came, and of these, 48 subjects ful®lled the inclusion criteria which were:-(1) Adults with paraplegia or tetraplegia; (2) Those with lesions of more than one year duration; (3) Those without complications such as symptomatic urinary tract infection, renal failure and pressure ulcers.
A clinical evaluation including history of smoking, walking status and estimation of blood pressure, was done. A diastolic blood pressure above 90 mmHg and a systolic blood pressure above 140 mmHg were considered as a diagnosis of hypertension. Subjects who were using orthoses and crutches for ambulation were considered as walkers, and those who were dependent on wheelchairs or tricycles for their mobility were considered as non-walkers. Blood samples were taken after overnight fasting for the estimation of plasma glucose and for a serum lipid pro®le. Serum creatinine, packed cell volume and serum albumin were simulta-neously estimated to evaluate the general health status of these subjects. They were then given 75 gm of glucose orally and blood was sampled for plasma glucose after a 2 h interval. The plasma glucose was estimated using the glucose oxidase ± peroxidase (GOD) technique and lipid pro®le was estimated using cholesterol oxidase paraminophenazone (CHOD ± PAP) techniques. 10, 11 (The Bio-chemistry department of our Institution regularly takes part in the External Quality Assessment Schemes (EQAS) conducted by (i) Wolfron EQA Laboratory, PO Box 3909, Birmingham, B15 2UE, UK Lab No 3170 and (ii) Victoria In®rmary, Glasgow, Lab No 10). Fasting plasma glucose above 6.1 mmol/L and plasma glucose levels above 7.7 mmol/ L at 2 h following the oral glucose load were considered abnormal. The lipid pro®le values were considered in dierent groups as given in Table 1 as suggested by the National Cholesterol Education Programme.
3, 4 Thulaseedharan et al has reported similar lipid pro®le values in 173 normal healthy South Indian adults. 5 
Results
Among the 48 subjects studied, there were 43 males and ®ve females. Three subjects had cervical cord lesions, 28 thoracic and 17 lumbar cord lesions. The age of the subjects ranged between 16 ± 52 years; 16 were less than 30 years of age and 32 were between 30 and 60 years of age. The interval after the onset ranged from 1 ± 20 years; 25 subjects were paralysed for a period of less than 5 years duration, 14 from 5 ± 10 years duration and nine for more than 10 years duration. There were 27 walkers and 21 non-walkers among this group.
On clinical evaluation the blood pressure was found to be elevated in three subjects. All of the subjects had normal serum creatinine levels (below 132.6 mmol/L), normal serum albumin levels (35 ± 55 g/L) and normal packed cell volumes (above 30%). Among the 48 subjects evaluated, nine (19%) had fasting hyperglycemia. Following a challenge with oral glucose 11 subjects (23%) had hyperglycemia at 2 h. Total serum cholesterol was above 6.21 mmol/L in one subject (2%). The HDL cholesterol levels were above 0.90 mmol/L in 20 (42%) subjects; between 0.77 ± 0.88 mmol/L in 11 (23%) and below 0.77 mmol/L in 17 (35%). The Low Density Lipoproteins (LDL) levels were below 3.36 mmol/L in 43 (90%); between 3.36 ± 4.14 mmol/L in 5 (10%) and none had levels above 4.14 mmol/L. Ten subjects (21%) had serum triglyceride levels above 2.26 mmol/L (refer Table 2 ).
The mean fasting plasma glucose of the subjects was found to be signi®cantly higher and the mean total cholesterol, HDL and LDL levels signi®cantly lower than normal (refer Table 3 ). Among the 16 subjects below 30 years of age eight had low HDL (50%) and among 32 subjects above 30 years of age 20 had low HDL values (62.5%). Among the 27 walkers 15 had low HDL (55.5%) and among the 21 non-walkers 13 had low HDL levels (62%). There was no correlation between the HDL levels and the walking status.
Discussion
An increased incidence of hypertension and ischemic heart disease among SCI subjects has been reported. The inverse relationship between the HDL cholesterol level and coronary heart disease has been established by earlier studies. Bauman et al 12 Krum et al 13 and Brenes et al 14 have reported depressed serum HDL cholesterol levels in chronic spinal cord injury. However, Cardus et al, 15 reported that subjects with SCI do not have higher levels of total cholesterol, LDL or lower levels of HDL. These con¯icting reports prompted us to evaluate the lipid pro®le status and glucose tolerance among subjects with spinal cord injury in South India. This study was undertaken as a part of the annual medical follow up of all patients with spinal cord lesions who were rehabilitated by our department who live within 100 km from our Institution. Although we invited 138 patients to participate, only 52 patients came for the follow up. The patients who could not come to the hospital have been followed up by home visits conducted by our Social Worker along with the medical team. Although we could not evaluate their lipid pro®le and glucose tolerance, they were found to be surviving in the community and were not more handicapped than were those who participated in the follow-up clinic. The reasons given for non-attendance were that they did not feel the need for check up, or experienced diculty in arranging transport and carers to come to the Institution. Thus only 52 patients could be evaluated among which 48 ful®lled the inclusion criteria.
In this study all subjects had normal packed cell volumes, serum albumin and creatinine values, thus establishing their general health status to be satisfactory. 16 Hypertension was found in 6% in contrast to the prevalence of 24% reported by Yerkutiel et al. Fasting hyperglycaemia was observed in 19% and impaired glucose tolerance in 23% of the subjects, similar to Duckworth et al who have reported fasting hyperglycaemia in 23% and impaired glucose tolerance in 40% of their subjects. The total cholesterol was elevated only in 2% of the subjects as found by others. None of our subjects had LDL levels above 4.14 mmol/L to be classi®ed in the high risk LDL cholesterol group, similar to that reported by Cardus et al, but dierent from Bauman et al who reported high risk LDL levels in 18% of his patients. The HDL levels were found to be less than 0.9 mmol/L in 58% of our subjects, similar to that reported by Bauman et al, Krum et al and Brenes et al. The lipid pro®les did not show any correlation between the neurological level, duration since injury or walking status. The serum triglycerides levels, even though not an independent coronary artery disease risk factor, was found to be elevated in 21% of subjects. Stampfer et al have reported that the HDL level is a powerful predictor of coronary heart disease risk and this inverse association is stronger for men with lower levels of total cholesterol. The general recommendation to analyse the complete lipoprotein pro®le only if the cholesterol is elevated above 6.47 mmol/L may result in this group of individuals at risk, with low total cholesterol and low HDL, being undetected.
The reduced physical activity levels in persons with spinal cord lesions, makes them an important group to determine the potentially detrimental eects of inactivity. The impaired carbohydrate metabolism in addition to the reduced physical activity could be contributing to the dyslipidaemia that is prevalent in this population with paraplegia and tetraplegia and further research may provide insight into the causes of these metabolic derangements and cardiovascular disease.
